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INTRODUCTION

Pleclroactive (hin-film polymers nve candidate sensors and actuators materials
(1,2]. They are also finding a significant, potential for applicalions in muscle mecha-
nigms and micro-clectro-mechanical systeins (MEMS), In these applications, polyme
thin fihms of thickness varving between 20 and 200 micromcter arve utilized. Acton-
Lion of these polymiers is attribnted to picsoclectric, clectrostrictive or cleclrostatic
effects. Recent investipgations sugpest that polymers may produce striction which can
be stronger than that delivered by clectroactive ceramics.  Such response may be
produced by polymers with isotheticity or syndiotacticity moleanlar structure, where
tacticity is the position of a pendant polynmier group with a strong dipole moment,
Chisd, 3 mounted on a backbone polymerie ¢hain,

Polymier thin films undergo thickness clinges under the action of electric ficld.
These changes nre lincay i the iaterial’s response is piczoclectric and nre quadratic
under cdectrosiriclive or dectrostatic actuation. In addition to thickness changes, the
film vibrates ax a plate structure [3) and in some electrostrictive polymers the elastic
propertios are dependent upon the clectric field itself. Mensuring the film thickness
and its changes during activation while distinpuishing between the thickness value and
the amplitnde of film vibration is & difienlt task, Technigues such as interferometryy,
eddy-current and capncitance yicld information about the loeation of the top surface
of the film assmning, that the rear surface stays stationary.  Ultrasonic pulse-vcho
offers ann iden] tool for shmultancous determination of the location of the top surface,
i, vibration amplitude, and the il thickness. However, to obtain an aceeptable
resolution for b0 to J00-micrometer thin filmes it is necessary Lo use frequencies in the
rimge of H0-MHy ar above, which is beyond the eapability of conventional ultragonic
systems,




Mate wave measirements ofler e capability to determine the thickness of (hin
films using much lower frequendies and to obtain sipgnificantly higher resolution than
that can be ohtained by pulse-ccho techmigue ab similar frequencics. INrthennore,
using, dispersion ecnrve measurements one cian nlso determine thie elastic congtants of
the fihm, thus allowing, investigation of the dectrostriction hehavior of polyimer and
determinntion the actnation force that the polymer induce,

The authors are caurently studying the poleotinl nse of plate wave dispersion
curve maeasuremenbs ng an cflective ganging, (ool for clectroactive thin filn polymers.
Iy this conmmmmication, we briclly desaribe application of this technique Lo measwre
the modulii and thickness of clectroactive polymer thin filmes and diseuss some of the
preliminary results. A servies of polymer thin filing arc used in the present study; a
1 - PMMA [ihn, and &0on and 23000 thin polycthylene teiephthalate fihng.
The dispersion curves arve measured for these materials and nninversion algoritlnn is
applicd to determine the thickness and elagtic constantsy

EXPERIMENTAL

The experimental teclmigue is based on leaky Lamb wave (LLW) theory, The over-
all experimental setap is desaribed inprior publications 4], and is hricfly stiimmarized
here, The tedmigue employs & pair of transmitting, and receiving transducers in a
pitch-calel arrangeiment, where the transdueers are flal, innnersion 20MHz, 0.125-
inch diameter. A computer controlled setup which allows to arliculate the migle of
incidence from 12 to B0 degrees is utilized. The recciving, bransducer is placed at the
mill zone of the leaky lamb wave ficld, At incidence angles from 13 Lo 45 deprees ol
increments of (.20 degree, the frequency ix varied in the range of 3 to 30 Mz and
the minima of the reflection spectra arve acquired.

The Jocation of the minima in the reflection spectral response nre identified by
a soltware algorithnn that distinguishes hetween noise and imodes. Cerlnin sclection
criteria ave enforeed Lo climinate falsely mcaswed modes. A plot of the frequency of
the various plnte wave modes as a function of the phase velocity is defined as the filin
dispersion curve. Since the objective of the ciorent study s to exiunine the feasibility
of using, LIW mcasirenments of the thickness and elastic constantg of polyiner thin
films, water wis used as @ convenient conpling medivun. I fubare investigations
where cleatric field will be applicd to stndy the electroactivation behavior, water will
be veplaced by a silicon oil couplant (o avoid potential clectrolysis,

LEAKY LAMI3 WAV DATA

The phase velocity, v, is determined in tevms of the angle of incidence using Snell’s
law, v o/ «in(0), whaore o ig the acoustic wive speed in the coupling medinm, and ¢
is the imcidence angle. ‘Ihe frequencies st which veflection minhna ocaur are associated
with the platewave modes. AL these frequencies, the reflection cocflicient It is zoro;
Iitsell iy be expressed i the Jorm

R Ko, vier,00,h)
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Pigare 13 Dispersion data for 80 and 230 o thin polyethylene terephthalate films,

where wis the cranlar frequency, ¢y and o ave the P-and S-wave speeds of the filn
material, respectively, and e is the film thickness. Mathematical detnils are found
elsewhere; see for example [b).

Examples of raw data are shiown in Fips. 1 for two thin polycthylene ferephthalate
fihne whose thicknesses ave 80mn and 23070, 1L is to be noted that not sl of the
dispursion curves are measured in a single experiment. Algo, the acquired frequency
minima ol the reflected spectram may s6ill he snbjeet o some experimental errors,
which docs nol. ocem very often. Tu principle, careful sercening, of the data xhould
lead Lo detection of erroneous daba points, .., n pood jundFmment as to which datn
points should be used for inversion is always required. 'The data shown in Fig, ]
for the 80on film are clei, ad only some of which are used to recover the thin
film parameters; thickness and elastic propertics. For the 2307 fihn | however, a
part of the data is rejected, which cither vepresont noisc or ocenr in o zone where the
digpersion ainrves representing, different iodes e very close to cach other.

THE INVERSION ALGORITHM
Leaky Lmmb wave measurements yield a sel of poinls in the w- v space. A
analytical dispersion relationship exists, which may be writter in Cthe fonm

Flw,o;p,10,0,0) - Gu, vy ey, cph) = 0 (2)

in which J¢, 1 and p are Young’s modulig, Voisson's ratio and  he density of the
film material, vespectively. Let (wg, 1) he the set of experimaental data points, The
inversion problem consists in solving the dispersion velationship

Glwi, v eryep,h) =0 0

for ¢y, cp and h. Once ¢ mid e, ave determined, 12 and 12 can He enleulnted from

_ Is 2 1)l (1)
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The technigue used here 1o recover the paramcters ¢, ¢, and h s based an the
simplex algorithm 6], This algorithon hns been successfully used to invert Jeaky
Lanih wave data for composite plates [7), and was found to converge much faster than
algorithins based on local lincarizalion and loast sguare theovics (8], The algorithim
is hased on a search for a point (¢, ¢4, ') in the e - ¢ b parameter space at which
the sum of sguares of the regiduale Sgy is rinhimn, where Sy is defined by

Sgn = ):G?(wn'“i;“hf"z:/") (H)

1

Idenlly speaking, al the point (¢f, ¢, h*) the Sepe must be zero . An initial four
vertices are selected in the ¢ - ¢y - b parameter space and the response Sgyr s
calardited ot ench vertex. The vertices are then chinnges iteratively i such a way
that Sgye i minhnized. The vertex movements ave governed by certain rules, which
enn he found clsewhere |6,7). Bvenlnally, these vertices hecome very dlose to the
desired point. Heration s terminated based on selected convergence eriteria. "o
axsure that inversion ig acawrate, only parl of the data is used to recover the thin
film thickness and properties. The properties and thickness are then used, in the
analylicnl dispersion relationship, to pradict all data point.

RESUIS AND DISCUSSION

Dispersion data for the two polyctliylene terephthalnte thin films are shown in
Figg. 2 and 3, along with theoretical disporsion curves, The parameters vesulting,
from dala inversion are used Lo caleulate these carves. Tor the polyethylene terepli-
thalate Mk e, e, Iy 19 and v were respeetively found (o be 2.67kn /s, 1.3k /s, 86p0m,
5.2GPa, and 0.35 for the first (RO;om) film, and 2.9km/xs, 1.32kin/k, 23470m, 5.3CHa
and 0.37 for the second (230/an) film. 17 is ealcwlate using, 15q. (4) for o density
p = 110, The values 80 and 230 were mcasiwred independently by o diffarent method
prior (o the test. The ditference helween the values determined by invergion of leaky
Lraonh wawve data nnd those measured prior to the test are small, which implies that.
the algorithnm is relinble and can be vsed Lo invert leaky Tainb wave doto with a fairly
acceplable precision.

Although the two filins nre made of the saumne material, it is noted that slight
differences in their wave speeds ¢y and o values exist. At this moment the authors
hove not tricd to explain Lhese differences. However, it can be speculated that stnfis-
tical vidability 1y exist in filim propertics, particularly if one considers the complex
nature of molecular chiains comprising such thin filins.

The results for the I s-PMMA filin ave given in Jg. 4. For this i, oy e, b, 1o
and v were vespectively found to be 1.94kn/s, 0.92kim /g, b 2.7GPa, and 035, 12
is endeulate using, 15g. (4) for a density p = 1,15, Young's modulus values for PMMA
in the range 2.2-3.2Ga were reported (9.

SUMMARY
In this cormmumication, n preliminary study is conducted to investigate the po-
tential use of platewave dispersion cwrve measurements as a technigue for indirect
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Figure 3: Comparison between experimental data nud theoretical curves for a 230

Jan polycethiylene terepbthalate thin fihn.
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Figire 4: Comparison hetween experimental data and theoretical enrves for a 1
5 PMMA filin.

imeasurement of the elastic propertics and thickness of clectroactive thin filns poly-
maovk. Three polymer films were tested; a 1 i s-1’MMA film, and 80an and 230;a1
thin polyethylene terephthalate filns, The digpersion cirves are measured, and the
simplex algorithm is applicd Lo recover the thickness and clastic constants of the thin
films. Preliminary resulls show that the (ecdimique can be a vinble ganging too! for
clectroactive thin fihn polymers,
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